C a l i f o r n i a Polytechnic S t a t e University, RoseHulman I n s t i t u t e o f Technology, U n i v e r s i t y o f Alabama a t Birmingham, and Worcester Polytechnic I n s t i t u t e have formed a Consortium t o develop an a l t e r n a t i v e l e a r n i n g environment centered around a workstation comprised of a personal computer i n t e rfaced t o a video d i s k and laboratory instrumentat i o n . The f i r s t phase i n t h e i r c o l l e c t i v e e f f o r t has been funded by a one-year NSF g r a n t t o develop f o u r i n s t r u c t i o n a l modules i n t h e fundamentals o f e l e c t r i c a l engineering.
Abstract
C a l i f o r n i a Polytechnic S t a t e University, RoseHulman I n s t i t u t e o f Technology, U n i v e r s i t y o f Alabama a t Birmingham, and Worcester Polytechnic I n s t i t u t e have formed a Consortium t o develop an a l t e r n a t i v e l e a r n i n g environment centered around a workstation comprised of a personal computer i n t e rfaced t o a video d i s k and laboratory instrumentat i o n . The f i r s t phase i n t h e i r c o l l e c t i v e e f f o r t has been funded by a one-year NSF g r a n t t o develop f o u r i n s t r u c t i o n a l modules i n t h e fundamentals o f e l e c t r i c a l engineering.
I t has demonstrated how f o u r d i f f e r e n t u n i v e r s i t i e s can work together t o agree t o standards, and t o prepare i n s t r u c t i o n a l m a t e r i a l t h a t can be shared. The r e s u l t s o f the f i r s t phase e f f o r t s are presented. phase w i l l continue t h e development o f i n s t r u ct i o n a l modules. e x p e r t i s e and experience through a s e r i e s o f r e g i o n a l workshops f o r which funding i s being sought from p r i v a t e sources. A n a t i o n a l associat i o n of u n i v e r s i t i e s involved i n c r e a t i n g modules w i l l be developed t o serve as a f o c a l p o i n t through which new modules are subject t o peer review and e x i s t i n g modules are d i s t r i b u t e d . Issues i n v o l v i n g organizational form, marketing, d i s t r i b u t i o n and other concerns w i l l be addressed during the p r o j e c t w i t h t h e goal o f making t h e association a s e l f -s u s t a i n i n g organization. The c o l l e c t i v e e f f o r t s o f t h e Consortium w i l l become a model for shared e f f o r t s t h a t address other problems i n undergraduate engineering education.
The second
The Consortium plans t o share i t s Acknowledgement: I n a d d i t i o n t o t h e p r i n c i p a l i n v e s t i g a t o r s l i s t e d as authors, the f o l l o w i n g f a c u l t y a r e p a r t i c i p a t i n g a t each o f the f o u r u n i v e r s i t i e s o f the Consortium:
Cal Poly -Emile A t t a l a , Ahmad N a f i s i , Mahmood Nahvi; Rose-Hulman, J e f f Froyd, Dave Voltmer; Univ e r s i t y o f Alabama a t Birmingham -Dave Connor, Michael Reykoff, Dennis Smith NSF Footnote: This m a t e r i a l i s based upon work supported by the National Science Foundation under Grant No. USE-8854620. Any opinions, findings, and conclusions o r recommendations expressed i n t h i s material are those o f the authors and do n o t necessar i 1 y r e f 1 e c t t h e v i ews o f the National Science Foundation. James G. H a r r i s C a l i f o r n i a Polytechnic State U n i v e r s i t y San L u i s Obispo, C a l i f o r n i a James R. Jones U n i v e r s i t y o f Alabama B i r m i ngham , A1 a bama I n t r o d u c t i o n I n response t o NSF-sponsored workshops held i n Washington, D. C. on May 22, 1986 and i n Kansas C i t y , Missouri on May 4-6, 1987, a Consortium of f o u r u n i v e r s i t i e s was formed t o f a c i l i t a t e t h e c r e a t i v e use o f technologically-assisted i n s t r u ct i o n (TAI). The Consortium members are C a l i f o r n i a Polytechnic State U n i v e r s i t y a t San L u i s Obispo (Cal Poly) , Worcester Polytechnic I n s t i t u t e (WPI), The U n i v e r s i t y o f Alabama a t Birmingham (UAB), and Rose-Hulman I n s t i t u t e o f Technology. Consortium submitted a proposal t o NSF i n November 1987 t o a s s i s t development o f a s e t o f i n s t r u c t i o na l modules accessible using a personal computer based workstation equipped w i t h a video d i s k player. The goals o f t h e present NSF p r o j e c t a r e t o produce f o u r i n s t r u c t i o n a l modules, one a t each school, using computer-based i n t e r a c t i v e video disks, t o exchange t h e modules w i t h i n t h e Consortium, t o evaluate t h e modules a t each i n s t i t u t i o n , and t o prepare standards f o r i n s t r u c t i o n a l module development.
Current Status tium; one a t FIE i n Santa Barbara i n October, 1988, one a t Rose-Hulman i n December, 1988, one conc u r r e n t w i t h a t r a i n i n g workshop a t Cal Poly i n January, 1989, and one a t ASEE i n Lincoln, Nebraska i n June, 1989. To provide a foundation f o r t h e development o f the modules, t h r e e sets o f specifications a r e being developed: one describi n g the hardware, t h e second describing t h e authoring system software, and the t h i r d d e f i n i n g the user interface.
The
The Consortium received a one-year g r a n t from There have been f o u r meetings o f the ConsorFor hardware development 'It should be noted t h a t the o r i g i n a l proposal was f o r a five-year p e r i o d f o r over $3.5 m i l l i o n . Considerable e f f o r t was made t o reduce t h e scale of the o r i g i n a l proposal i n response t o the reduced funding.
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purposes, t h e u n i v e r s i t i e s a r e using t h e Sun 3861, which supports both DOS and U N I X and IBM-PC and PS/2 machines, and Z e n i t h 386 computers. It i s expected t h a t students w i l l use a DOS-based system.
The software baseline i s DOS 3.3 and the authoring system t o be used i s PROPI/PC PILOT developed by ASYS. A special arrangement has been made w i t h ASYS t o p r o v i d e a s i t e l i c e n s e f o r Cal Poly, as well as t o provide a reduced c o s t l i c e n s e f o r t h e other t h r e e members o f t h e Consortium.
The user i n t e r f a c e i s being defined as t h e modules themselves a r e being created. I t w i l l address items such as help key designation, window d i s p l a y and l o c a t i o n , use o f c o l o r , e t c . Four modules, one f o r each u n i v e r s i t y , have been i d e n t if i e d and have been storyboarded. They c u r r e n t l y a r e being programmed w i t h plans t o add t h e video. Cal Poly i s developing a module on l a b o r a t o r y e r r o r s . Rose-Hulman i s developing a module on diode modeling, UAB i s developing a module on general lumped elements and p r i n c i p l e s f o r t h e i r analysis, and WPI i s developing a module on t h e response o f c i r c u i t s w i t h a s i n g l e energy storage element.
The members o f t h e Consortium have been communicating w i t h each o t h e r through e l e c t r o n i c mail using BITNET, and Rose-Hulman and Cal Poly have t r a n s f e r r e d f i l e s between them. There was a PROPI/PC PILOT t r a i n i n g session f o r t h e members o f t h e Consortium a t Cal Poly i n January, 1989. A m a i l i n g l i s t o f i n t e r e s t e d f a c u l t y and a newsl e t t e r was d i s t r i b u t e d i n A p r i l , 1989.
The Consortium plans t o complete t h e i r modules by September, 1989 and then share t h e modules w i t h each other f o r evaluation. The t h r e e s p e c i f i c at i o n s w i l l be based on t h e experience d u r i n g t h e development c y c l e e f f o r t as w e l l as evaluations o f t h e four modules. I n a d d i t i o n , a Development Manual documenting t h e c r e a t i o n o f t h e module w i l l be promulgated.
P1 ans -A new proposal was submitted t o NSF i n February, 1989 requesting funding f o r a two-year c o n t i n u a t i o n t o s e t up a new s e l f -s u s t a i n i n g organization a t t h e end o f t h e three-year e f f o r t by t h e Consortium. The members o f t h e Consortium e n v i s i o n adding 24 moremodules t o t h e l i b r a r y , a l l addressing t h e f i r s t (sophomore) year i n t r o d u c t i o n t o e l e c t r i cal engineering . Regional conferences w i l l be held a t each u n i v e r s i t y t o a t t r a c t 20 a d d i t i o n a l u n i v e r s i t i e s t o the Consortium and t o e s t a b l i s h a 24-university s e l f -s u s t a i n i n g Associat i o n . The following describes these plans i n d e t a i 1 .
The Consortium plans t o share i t s e x p e r t i s e and experience w i t h other i n s t i t u t i o n s through the s e r i e s of r e g i o n a l workshops and t h e development o f a w i l l be a can share f r u i t s of n a t i o n a l Association:
The Association mechanism through which i n s t i t u t i o n s both developmental e x p e r t i s e and the t h e i r development e f f o r t s . This Association w i l l be a network o f i n s t i t u t i o n s t h a t develop modules. It w i l l serve as a f o c a l p o i n t through which new modules are s u b j e c t t o peer review and e x i s t i n g modules a r e d i s t r i b u t e d .
The four-school Consortium believes i t s c o l l e c t i v e e f f o r t can become a model f o r shared e f f o r t s t h a t address other problems i n engineering education. I n p a
p i c s which r e q u i r e more emphasis i n t h e i n t r oductory year. Fourth, investment i n t h e i n t r oductory year w i l l r e t u r n payoffs i n t h e l a t e r years o f students' education. For these f o u r reasons, t h e Consortium believes t h a t concentrat i o n on t h e i n t r o d u c t o r y e l e c t r i c a l engineering courses w i l l have t h e b i g g e s t impact on engineeri n g education f o r expenditure o f e f f o r t s .

Regional Workshops
To have any appreciable e f f e c t on e l e c t r i c a l engineering education and f u t u r e c u r r i c u l a , t e c h n o l o g i c a l l y -a s s i s t e d i n s t r u c t i o n i n general, and i n t e r a c t i v e videodisk i n p a r t i c u l a r , must engage t h e widespread p a r t i c i p a t i o n o f EE f a c u l t y as authors and c r e a t o r s o f i n s t r u c t i o n a l modules.
Some would argue t h a t t h e complexity o f coding o f t h i s type o f work demands t h e t a l e n t s n o t of teachers o f e l e c t r i c a l engineering, b u t o f h i g h l y
competent systems programmers from t h e ranks o f computer science. i s based on t h e c o n t r a r y view; we b e l i e v e t h a t pedogogic considerations a r e uppermost i n t h e question o f who should author. emergence o f powerful authoring software as e s s e n t i a l l y removing t h e "complexity f a c t o r " from t h e p i c t u r e .
The f i r s t year o f Consortium experience has r e i n f o r c e d t h e hypothesis t h a t EE f a c u l t y , w i t h appropriate f a c i l i t i e s and support, can create e f f e c t i v e i n s t r u c t i o n a l modules using i n t e r a c t i v e video. There's no question t h a t our f i r s t e f f o r t s show t h e slow s t a r t u p features o f any pioneering a c t i v i t y , b u t t h e lessons learned as
we gain experience a r e considerable and valuable. W e wish t o share t h a t experience and l e a r n i n g
The existence o f t h e Consortium Ne see t h e A --e 1 1989 Frontiers In Education Conference Proceedings w i t h others as we embark on our goal o f c r e a t i n g an Association from t h e e a r l y work o f the Consorti um.
The f i r s t step i s t o conduct a Regional Workshop/Conference (others t o follow, modified t o r e f l e c t experience w i t h t h e f i r s t ) .
shop was held a t Cal Poly on January 20-22, 1989, f o r t h e Consortium members themselves.
A r e g i o n i s understood as encompassing several states, e.g., New England, and a t l e a s t t e n e l e c t r i c a l engineering departments. Each department w i l l be i n v i t e d t o send two p a r t i c ipants; t o t a l attendance should n o t exceed twentyfour. f a c t o r s such as t h e number o f personal computers a v a i l a b l e i n an i n s t r u c t i o n a l computation laboratory. The workshop w i l l extend over a threeday period, and w i l l be scheduled t o a l l o w attendance without i n t e r f e r r i n g w i t h academic-year teachi ng responsi b i 1 i ti es .
them the o u t l i n e o f an i n s t r u c t i o n a l micromodule, which w i l l serve as t h e focus o f t h e p a r t i c i p a n t s ' programming task. The workshop leaders w i l l o f f e r i n s t r u c t i o n on the basics o f i n s t r u c t i o n a l design, content o u t l i n i n g , s t o r yboard construction, c o n t r o l code w r i t i n g using authoring system software, and t h e fundamentals o f video and disk-playing equipment f u n c t i o n and operation.
A t the close o f t h e workshop, leaders w i l l discuss w i t h p a r t i c i p a n t s what i t means t o make a commitment t o the Association, and w i l l ask them t o explore w i t h t h e i r department heads and deans the possi b i 1 i t y o f "signing on. " a n t i c i p a t e t h a t f i v e individuals/departments w i l l wish t o j o i n the Association from t h i s workshop and from each o f t h e subsequent ( t h r e e ) workshops i n other regions. using a s e t o f hardware and software s p e c i f i c a t i o n s published by the Consortium. A l l modules w i l l address i n t r o d u c t o r y t o p i c s i n e l e c t r i c a l engineering, and w i l l be designed t o r e q u i r e a mean time o f 30 t o 50 minutes f o r execution.
One such workThis c o n s t r a i n t i s d i c t a t e d by capacity P a r t i c i p a n t s w i l l be expected t o b r i n g w i t h We A l l Associates w i l l develop t h e i r modules
The Association
The f o l l o w i n g discussion i s based upon two -assumptions: 1 ) t h e regional conferences a t the f o u r u n i v e r s i t i e s w i l l be held i n t h e 1989-90 academic year, and 2 ) by June o f 1990 there w i l l be 20 u n i v e r s i t i e s committed t o developing modules i n a d d i t i o n t o t h e four comprising the Consortium. December 1989, the d e f i n i t i o n o f the Association organization w i l l be completed.
It i s planned t h a t by the end o f I n developing a p l a n f o r an Association, t h e Consortium members w i l l have t o address a t l e a s t seven concerns: organizational form, mode o f p r o t e c t i o n o f property r i g h t s , ownership o f i n s t r u c t i o n a l materials, marketing, d i s t r i b u t i o n agreements, development agreements, and l i a b i 1 i t i e s and warranties.
Based upon t h e above seven considerations, a number of p o s s i b l e organizational s t r u c t u r e s can be proposed f o r consideration. scenario i s t h i s : The Consortium o f f o u r univers i t i e s w i l l be expanded t o an unincorporated nonp r o f i t association, r e f e r r e d t o as the Association. The Association could provide t h e s p e c i f i c a t i o n s f o r the modules w i t h respect t o authoring systems, hardware, and t h e user i n t e r f a c e . It could a c t as an e d i t o r i a l board and review panel f o r prospective modules, and could l i c e n s e a d i s t r i b u t o r t o handle the actual marketing, cataloging, reproduction, and d i s t r i b u t i o n o f the modules. would be expected t h a t t h e d i s t r i b u t o r would a l s o provide technical assistance f o r maintenance o f t h e modules and a l s o provide ( f o r a fee) support t o members o f t h e Association f o r development o f modules. The product would be protected through copyright and t h e ownership o f t h e material would belong t o the Association. Support f o r the organiz a t i o n and f o r t h e d i s t r i b u t o r , licensed by the Association, could be provided by annual fees paid by u n i v e r s i t i e s f o r t h e modules. modules might be based upon t h e student enrollment i n the classes using the modules. For example, an i n s t i t u t i o n i n which a c l a s s used f o u r modules and e n r o l l e d 30 students would pay a p r i c e , say o f $2.00 per student per module, which would r e s u l t i n $240.00. 
Concl usion
The presentation a t FIE w i l l provide examples o f the i n s t r u c t i o n a l modules. Experience t o date has demonstrated t h a t t h e development e f f o r t f o r the module i s very labor-intensive. The goal o f t h e Consortium i s t o create an Association (through a series o f f o u r Regional Workshops) which w i l l provide a s t r u c t u r e f o r peer-reviewed, p a r a l l e l development o f t h e i n s t r u c t i o n a l modules. The Association w i l l a l s o provide t h e s t r u c t u r e f o r the d i s t r i b u t i o n o f the m a t e r i a l . from Columbia U n i v e r s i t y , a M.S.E.E.
from MIT, and a Ph.D. E.E. from the U n i v e r s i t y o f C a l i f o r n i a , Berkeley. He was an Associate Professor a t t h e U n i v e r s i t y o f Toronto, an Associate Professor a t Clarkson College of Technology, and i s c u r r e n t l y an Associate Professor a t Rose-Hulman I n s t i t u t e o f Technology. He i s a Professional Engineer i n Indiana and New York. He i s a member o f ASEE and IEEE as w e l l as a member o f Honor S o c i e t i e s i n c l u d i n g Sigma X i , Eta Kappa Nu, and Tau Beta P i . James S. Demetry received a B.S.E.E. and M.S.E.E. from Horcester Polytechnic I n s t i t u t e , and a Ph.D. from the U. S. Naval Postgraduate School. He taught s i x years a t t h e U. S. Naval Postgraduate School, and i s c u r r e n t l y Professor and Associate Chairman o f t h e Department o f E l e c t r i c a l Engineering a t Worcester Polytechnic I n s t i t u t e . He i s a member o f ASEE, AAAS, and IEEG as w e l l as a numbc o f Honorary S o c i e t i e s i n c l u d i n g Tau Beta P i , Sigma X i , and Eta Kappa Nu. and M.S.E.E. from U n i v e r s i t y o f C a l i f o r n i a , Berkeley, and a Ph.D.in EEfrom Syracuse U n i v e r s i t y . He was an A s s i s t a n t Professor a t Howard U n i v e r s i t y and Associate Professor a t Federal C i t y College (now U n i v e r s i t y o f D i s t r i c t o f Columbia) i n Washington, D.C.
A f t e r working a t TRW i n Redondo Beach, C a l i f o r n i a f o r over eleven years, he served as Head o f t h e Department o f E l e c t r o n i c and E l e c t r i c a ' Engineering a t C a l i f o r n i a Polytechnic State U n i v e r s i t y i n San L u i s Obispo from 1982-89; he i s c u r r e n t l y a Professor i n t h e department. He i s a member o f ASEE, IEEE, and SIAM. JAMES R. JONES James R. Jones received a B.S.E.E. and M.S.E.E. from Texas A&M U n i v e r s i t y . o f experience i n t h e e l e c t r i c power i n d u s t r y , and c u r r e n t l y i s an Associate Professor a t t h e U n i v e r s i t y o f Alabama a t Birmingham. He i s a senior member o f IEEE, and i s a r e g i s t e r e d engineer i n Texas and Alabama. 
